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Abstract This prospective longitudinal study investigated the 
epidemiology of enteric disease associated with infections in 
calves aging up to 70 days. A total of 850 fecal samples were 
collected from 67 calves. Seventeen isolates of Salmonella 
spp. were recovered from feces of 11 calves (16.4 %), and 
statistical analysis revealed no association between the pres- 
ence of Salmonella spp. and clinical signs of diarrhea or age. 
Virulence factors of Escherichia coli were identified in 103 
strains: eae (7), K99/STa (7), Stx1 (7), Stxl/eae (36), 
Stx1/Stx2/eae (2), Stx2 (43), and Stx2/eae (1). There was 
statistical association between diarrheic animals carrying 
E. coli St<I/eae™ in their feces at 2 and 4 weeks of age (P= 
0.003) and E. coli Stx2* at 5 weeks of age (P=0.03). Rotavirus 
was detected in 49 (5.76 %) fecal samples collected from 33 
calves (49.2 %). The presence of rotavirus was correlated with 
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diarrheic feces (P<0.0001) rather than feces with normal 
consistency. There was a significant relationship between 
age group and diarrhea (P=0.001). Bovine coronavirus 
(BCoV) was detected in 93 fecal samples collected from 46 
calves (68.6 %). There was an association (P<0.0001) be- 
tween diarrheic animals positive for BCoV and age groups. 
The results demonstrate the importance of the pathogens 
studied in the etiology of diarrhea in calves. 


Keywords Calfdiarrhea - Coronavirus - Escherichia coli - 
Rotavirus - Salmonella spp. 


Introduction 


Diarrhea is an important disease of young calves and has a 
complex etiopathogenesis, with the association of several 
infectious agents, either alone or in combination, host factors, 
and non-infectious factors, such as environment, management 
practices, and nutrition (Blanchard 2012). Salmonella spp., 
pathogenic Escherichia coli, coronavirus, and rotavirus are 
the most frequent pathogens associated with diarrhea in calves 
(Foster and Smith 2009). The cattle industry has made great 
technological improvements, but calf diarrhea is still the most 
important cause of economic loss to cattle producers world- 
wide (Cho and Yoon 2014). 

Salmonella spp. induce different disease manifestations in 
cattle that reflect the virulence of different serotypes, chal- 
lenge dose, and host immunity. Salmonellosis in calves occurs 
mostly at 2—6 weeks of age (Barrow et al. 2010). The genus 
Salmonella contains two species (Salmonella enterica and 
Salmonella bongori) and over 2500 serotypes (Brenner et al. 
2000). Many serotypes can infect those animals, but serotypes 
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Dublin and Typhimurium are the most commonly isolated 
ones (Cummings et al. 2009a). The pathophysiology of enter- 
ic Salmonella infection is complex, involving inflammation 
and necrosis (Barrow et al. 2010). 

E. coli is a major component of normal intestinal microbi- 
ota of animals, and differentiation of pathogenic strains from 
normal microbiota is based on the production of virulence 
factors and on the identification of mechanisms by which they 
cause disease, which allow their classification into pathotypes. 
Enterotoxigenic E. coli (ETEC) has two major virulence fac- 
tors: F5 and/or F41 fimbriae that mediate adherence to the 
ileum and the production of heat-stable enterotoxin (STa), 
which is responsible for liquid hypersecretion into the gut 
lumen. Enteropathogenic E. coli (EPEC) causes attaching 
and effacing (A/E) intestinal lesions and produces intimin, 
an outer membrane protein encoded by the eae gene, which 
mediates the intimate attachment of bacteria to the enterocyte. 
Enterohemorrhagic E. coli (EHEC) strains cause hemorrhagic 
colitis (HC) or hemolytic uremic syndrome (HUS) in humans. 
EHEC and Shiga toxin-producing £. coli (STEC) produce two 
types of Shiga toxins: Stxl or Stx2. Moreover, EHEC also 
produces intimin (eae gene) (DebRoy and Maddox 2001; 
Mainil 2013). 

The genus Rotavirus belongs to the family Reoviridae and 
has a triple-layered icosahedral protein capsid. The rotavirus 
genome is composed of 11 double-stranded RNA (dsRNA) 
segments that can be differentiated by size using gel electro- 
phoresis and can be used to identify rotavirus groups (Estes 
and Kapikian 2007). The virus causes a malabsorptive and 
toxin-mediated secretory diarrhea, mainly in calves less than 
3 weeks old (Foster and Smith 2009). 

The genus Coronavirus belongs to the Coronaviridae fam- 
ily and is divided into three distinct groups based on genetic 
and serologic properties. Bovine coronavirus (BCoV) is clas- 
sified as group 2 and is recognized as important cause of 
diarrhea in neonatal calves, winter dysentery in adult cattle, 
and respiratory tract infections in cattle. BCoV is an enveloped 
virus, and its genome consists of a single-stranded, positive- 
sense RNA molecule (Clark 1993). Calves are infected with 
BCoV by oral and respiratory routes, and the virus can be 
detected in both the enteric and respiratory tracts (Saif et al. 
1986; Heckert et al. 1990). 

Few prospective longitudinal studies of enteropathogen 
infections in calves have been performed, and most of the 
studies investigated only one enteropathogen (McNulty 
and Logan 1983; Reynolds et al. 1985; Heckert et al. 
1990; Tokhi et al. 1993; China et al. 1998; Cobbold and 
Desmarchelier 2000; Cummings et al. 2009a, b; Dopfer 
et al. 2012). Since diarrhea is a complex syndrome and 
involves different pathogens, severity and occurrence of 
disease are influenced by multiple factors that interact 
dynamically over time. Prevention and control of the 
disease are based on understanding the relationship between 
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the multiple factors and how they interact (Blanchard 2012; 
Smith 2012; Cho and Yoon 2014). 

Longitudinal data on enteropathogens can provide infor- 
mation for understanding interaction between agents, host, 
and environment factors and provide basis for preventive 
and control strategies. Therefore, it is important to perform 
longitudinal studies to understand the dynamics of these path- 
ogens in young and old calves and with or without diarrhea. 
This prospective longitudinal study investigated the epidemi- 
ology of enteric disease associated with Salmonella spp., 
diarrheagenic Escherichia coli, rotavirus, and coronavirus 
infections in calves up to 70 days old in one dairy herd in 
Brazil. 


Materials and methods 
Calves and fecal samples 


Fecal samples were collected from 67 crossbred Holstein-Gyr 
calves born in a dairy herd located in the city of Martinho 
Campos, Minas Gerais, Brazil. In 2008, the median herd size 
was 500 dairy Holstein cows. All calves were born in a 
maternity pen, separated from their dams immediately after 
birth and transferred to individual calf hutches. The calves 
were fed 2 L of colostrum as soon as possible after birth using 
buckets or bottles; thereafter, calves were bucket-fed 4 L of 
whole milk once a day in the morning and were given con- 
centrate ad libitum for 2 months. Sand was used for bedding, 
and the calf hutches were surrounded by Cynodon spp. grass. 
No vaccine was used in the dams or in the newborns to 
prevent calf scours. 

Fecal samples were collected directly from the rectum in 
plastic bags and stored at 4 °C for a maximum of | week until 
bacteriological examination and at —20 °C until virological 
examination. Samples were collected from June to August 
2008, corresponding to the dry winter season. The first stool 
sample was collected within 24 h of birth, and samples were 
collected at weekly intervals thereafter until the animals 
reached 70 days of age. During an episode of diarrhea, fecal 
samples were collected every 24 h until the diarrhea ceased. 
Episodes of diarrhea were not treated with antibiotics. Feces 
were classified as diarrheic if they had a watery to paste-like 
consistency and the perineum and/or tail was smeared with 
feces; feces were classified as normal if they had a firm 
consistency and the perineum and tail were clean and dry. 


GARV and BCoV detection 


Fecal suspensions were prepared at a dilution of 20 % in 
0.05 M Tris-HCl, 0.013 M CaCl, buffer, pH 7.2, and were 
centrifuged at 3000xg for 10 min at 4 °C. The supernatants 
were used for RNA extraction. 
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Rotavirus was detected by a modified silver-stained poly- 
acrylamide gel electrophoresis (PAGE) procedure (Herring 
et al. 1982). A 500-uL aliquot of the fecal suspension was 
treated with 100 uL of lysis buffer (10 % sodium dodecyl 
sulfate (SDS), 100 mM EDTA pH 8.0, Sigma-Aldrich®) and 
incubated in a water bath at 55 °C for 15 min. Nucleic acids 
were extracted by adding 500 uL of phenol-chloroform- 
isoamyl alcohol (50:48:2) (Sigma-Aldrich®); the mixture 
was homogenized, incubated in water bath at 37 °C for 
10 min, and centrifuged at 3000xg for 10 min. The aqueous 
phase was transferred to a new tube, and a final extraction was 
performed with 500 uL of chloroform (Sigma-Aldrich®) to 
remove traces of phenol. After homogenization, the tube was 
centrifuged at 3000xg for 5 min, and the aqueous phase was 
transferred to a new tube along with 1 mL of ethanol (Sigma- 
Aldrich®) and 100 uL of sodium acetate (3 M) (Sigma-Al- 
drich®). The dsRNA was precipitated by keeping the tube 
overnight at —20 °C. The group A rotavirus NCDV strain 
was used as a positive control. The dsRNA was analyzed by 
SDS-PAGE with a 7 % resolving gel and a 3.75 % stacking gel 
and silver staining. 

BCoV was detected using a reverse transcription reaction 
followed by a semi-nested PCR (SN-PCR) assay, as described 
by Takiuchi et al. (2006). Aliquots of 200 uL of the superna- 
tant from the fecal suspension were treated with SDS (Sigma- 
Aldrich®) at a final concentration of 1 % (v/v) and incubated at 
56 °C for 30 min. A combination of the phenol-chloroform- 
isoamyl alcohol (Sigma-Aldrich®) and the silica/guanidine 
isothiocyanate (Sigma-Aldrich®) methods was used to extract 
the RNA (Alfieri et al. 2006). The RNA was eluted in 50 uL of 
ultra-pure RNase-free DEPC-treated sterile water and used in 
the semi-nested PCR (SN-PCR). The BCoV cell culture- 
adapted Mebus strain was used as a positive control, and 
sterile water was used as a negative control. 


Bacteriological examination 


One gram of feces was diluted in 3.0 mL of PBS pH 7.2. From 
that suspension, 1.0 mL was inoculated into 9.0 mL of buff- 
ered peptone water (Difco™) that was incubated for 18—24 h 
at 37 °C. After incubation, one loopful of the preenrichment 
cultures was plated onto MacConkey agar plate and 1.0 mL 
was inoculated into 9.0 mL of tetrathionate broth (Difco™), 
with added 2-mL iodine-iodide solution. Both media were 
incubated at 37 °C for 18—24 h. The tetrathionate broth was 
then used to inoculate Hektoen and XLT4 (Difco™) agar 
plates that were incubated for 20 h at 37 °C (Waltman 
2000). Three colonies from each agar plate, with characteristic 
of E. coli or Salmonella spp., were identified biochemically 
(Quinn et al. 1994), 

The isolates identified as Salmonella spp. were serotyped at 
the Salmonella Reference Laboratory in the Instituto Oswaldo 
Cruz/Fundacao Oswaldo Cruz (Rio de Janeiro, RJ, Brazil). 


Identification of virulence genes from E. coli 


Bacterial DNA was obtained by plating the previously isolated 
colonies of E. coli into MacConkey agar, suspending the 
colonies in 50 uL of sterile water and boiling at 100 °C for 
10 min. A multiplex PCR, based on Franck et al. (1998) was 
performed to determine the presence of six virulence factors 
(Stx1, eae, F41, F5, STa, Stx2) of E. coli strains. Two £E. coli 
reference strains were used as positive controls: B41 (ATCC 
31619; 0101: H : F41*, F5*, STa^ and EDL 933 (ATCC 
700927; 0157: H7: Stx1", Stx2", eae’). Water was used as 
negative control. Amplified DNA was resolved on a 2 % 
agarose gel, stained with 0.5 ug/mL of ethidium bromide 
and photographed under UV light. 


Statistical analysis 


Calves were grouped according to their age as follows: 
1-7, 8-14, 15-21, 22-28, 29-35, 36-42, 43-49, 50-56, 
and 57-70 days old. The chi-square test and Fisher’s 
exact test were used at 95 % significance to estimate 
the differences among the proportion of fecal samples 
that tested positive or negative for the enteropathogens 
studied and the age group of animals with diarrhea. The 
relative risk for the development of diarrhea in associ- 
ation with the enteropathogens was estimated with 95 % 
confidence interval. 

To calculate the frequency of diarrhea over the nine age 
classes, a new case was considered when animals stayed 
without diarrhea for five or more consecutive days. To calcu- 
late the frequency of the enteropathogens, a new case was 
considered when the agent was detected for the first time in 
each of the 9 weeks, so the frequency was not overestimated 
within the weeks of the study. The results were analyzed using 
the EpiInfo 6.0 program. 


Results 


In total, 850 fecal samples were collected from 67 calves from 
1 to 70 days of age. Of these samples, 312 were considered 
diarrheic, and 538 were considered normal. Eight calves died 
during the experiment, but the cause of death was not 
identified. 

The daily mean frequency of diarrheal episodes in the herd 
was eight cases/day, ranging from 6 to 14 % of the study 
group. The episodes of diarrhea started between the 5th and 
13th days of age, with most cases occurring between the 9th 
and 11th days. The mean duration of diarrhea was 6 days with 
a range of 2 to 14 days. The frequency of diarrhea was 
associated with specific age groups (P<0.0001) (Fig. 1). 
The highest frequency of diarrhea was found in calves in the 
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first and second age groups. After this time, cases of diarrhea 
progressively decreased. 

Seventeen isolates of Salmonella spp. were recovered from 
feces of 67 calves (11/67—16.4 %). The serotypes identified 
were Salmonella agona (14/17), Salmonella enteritidis (2/17), 
and S. enterica subsp. enterica (O:4,5, flagellar structure not 
detectable) (1/17). The mean age of Salmonella-infected and 
non-diarrheic calves was 25 days, ranging from 1 to 62 days 
old. Only one calf, aged 7 days and infected by S. Agona, 
presented diarrhea. Statistical analysis revealed no association 
between the presence of Salmonella spp. and diarrhea (P= 
0.063) or age of the calves (P=0.49). 

E. coli were isolated from all stool samples collected. In 
total, 1983 Æ. coli strains were isolated from fecal samples and 
analyzed by multiplex PCR. Of the 1983 isolates, 103 were 
positive for at least one virulence factor: eae (7) (EPEC), K99/ 
STa (7) (ETEC), Stix] (7) (STEC), Stxl/eae (36) (EHEC), 


Table 1 Virulence factors in 
Escherichia coli isolated from fe- 
cal samples collected from dairy 
calves (n=67) with 0 to 67 days of 


Virulence factors 


age, number of calves infected Intimin (eae) Diarrhea 
with and without diarrhea, and Normal 
mean age, age range, and confi- K99/STa Dianhea 
dence interval, measured in days. 
Martinho Campos, Brazil (2008) Normal 
Stl Diarrhea 
Normal 
Stxl/eae Diarrhea 
Normal 
Stx1/Stx2/eae Diarrhea 
Normal 
Stx2 Diarrhea 
Normal 
Stx2/eae Diarrhea 
Normal 
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Fecal consistency 


Week of age 


Stx1/Stx2/eae (2) (EHEC), Stx2 (43) (STEC), and Stx2/eae 
(1) (EHEC). E. coli positive for the virulence factors studied 
were isolated from feces more than once in some calves. The 
results are summarized in Table 1. Statistical analysis revealed 
no association between the presence of E. coli pathotypes 
factors and diarrhea (P=0.16). When comparing the week of 
age and the presence of E. coli pathotypes obtained from 
diarrheic animals, there was statistical association between 
diarrheic animals carrying E. coli Stx1/eae* in their feces with 
2 and 4 weeks of age (P=0.003) and E. coli Stx2* with 5 weeks 
of age (P=0.03). 

Group A rotavirus (GARV) was detected in 49 (49/850— 
5.7 %) fecal samples collected from 33 calves (33/67— 
49.2 %), and only group A rotavirus electropherotype was 
identified by PAGE. Of those samples, 34 (34/312) fecal 
samples were diarrheic, and 15 (15/538) were normal 
(Table 2). The mean age of rotavirus infection was 18.6 days 


Number Mean age Age range Confidence 
of calves interval (95 %) 
2 31 26—36 21.2—40.8 
5 26.8 5—64 6.3—47.3 
4 14.2 1-30 5.0-23.37 
2 14.5 4-25 0-35.1 
4 14.75 14-17 13.3—16.2 
3 48.33 41-56 39.9-56.7 
11 17.38 8—34 12.8-21.9 
20 26.69 1-62 19.8-33.5 
30 25-35 20.2-39.8 
0 0 0 0 
10 24.41 8—39 18.7-30.1 
24 39.7 9—63 35.0—44.3 
0 0 0 0 
47 47 — 
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Table 2 Bovine group A rotavirus detection by silver-stained polyacryl- 
amide gel electrophoresis in diarrheic and non-diarrheic fecal samples 
collected from dairy calves in one Brazilian cattle herd, distributed 
according to fecal consistency, number of fecal samples, calf age (mean, 
minimum, and maximum), and confidence interval (95 %) 


Fecal Number Age Confidence 
consistency of samples —————————————————_ interval 
Minimum Maximum Mean (95 %) 
Normal 15 l 67 22.6 14.0-31.3 
Diarrhea 34 l 38 16.8  13.8-19.8 


old (95 % confidence interval (CI) 15.1—22.1). Eleven animals 
shed the virus more than once, with or without signs of 
diarrhea, and the shedding persisted for 1-3 days. An example 
is calf 05, which had diarrheic feces positive for rotavirus at 
15, 16, and 17 days of age and one normal stool sample 
positive for rotavirus at 67 days of age. Twenty-three animals 
positive for GARV had diarrhea, and the virus was excreted 
on the first (n=16), second (n=4), and third (n=3) days of the 
disease episode. GARV was identified in significantly more 
samples of diarrheic feces (P<0.0001) than in samples of 
feces with normal consistency, resulting in a relative risk of 
2.0 (95 % CI 1.62-2.46). There was a significant relationship 
between age group and diarrhea (P=0.001). The frequency of 
rotavirus in diarrheic calves was concentrated in the first 


3 weeks of age and occurred mostly in the third week (Fig. 2). 


Out of 850 stool samples, 93 (10.9 %) were positive for 
BCoV; these samples were collected from 46 calves (46/67— 
68.6 %) (Table 3). The mean age of infection was 25.5 days of 
age (95 % CI 21.3—29.1). Twenty-five calves shed the virus 
more than once, with or without diarrhea and intermittently. 
For example, calf 20 had diarrheic feces positive for BCoV at 
34 days of age and normal stool samples at 4 and 60 days of 
age. Only one calf excreted the virus consecutively (for 4 days) 
and subsequently died. BCoV was detected in 22 diarrheic 
calves, and shedding occurred on the first (n=16), second 
(n=5), and third (n=1) days of the diarrheic episode. 
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Fig.2 Frequency ofrotavirus in diarrheic and non-diarrheic dairy calves, 


distributed according to week of age, in one Brazilian cattle herd. A total 
of 67 calves were sampled between June and August 2008 


Table 3 Bovine coronavirus detection by semi-nested PCR (SN-PCR) in 
diarrheic and non-diarrheic fecal samples collected from dairy calves in 
one Brazilian cattle herd, distributed according to fecal consistency, 
number of fecal samples, calf age (mean, minimum and maximum), 
and confidence interval (95 %) 


Fecal Number Age Confidence 
consistency of samples interval 
Minimum Maximum Mean (95 %) 
Normal 63 l 64 30.7  25.7-35.7 
Diarrhea 30 l 39 13.8  10.7-16.9 


Statistical analysis revealed no association between the pres- 
ence of the virus and diarrhea (P=0.346). However, there was 
an association (P<0.0001) between diarrheic animals positive 
for BCoV and age group. The frequency of BCoV was con- 
centrated in animals 2 and 3 weeks of age and showed a 
tendency to decrease after this period (Fig. 3). Considering 
all the pathogens investigated and each pathotype of E. coli as 
a different enteric pathogen, in total, 210 of 850 (24.70 %) 
stool samples screened were positive for at least one agent, 
126 from animals without diarrhea and 84 from diarrheic 
ones. In 26 fecal samples, two enteropathogens were detected 
at the same time (Table 4). 


Discussion 


This longitudinal study reports the frequency of diarrhea and 
the presence of Salmonella, diarrheagenic E. coli, Rotavirus, 
and Coronavirus in diarrheic and non-diarrheic calves up to 
70 days old, which were reared on a dairy farm in Brazil using 
management practices notably similar to those practiced in 
dairy cattle herds in Brazil and Latin America; therefore, the 
results obtained in this study can be extended to other herds. 

Our study and others showed that diarrhea was highest in 
the second week of age (Trotz-Williams et al. 2007; Bartels 
et al. 2010; Smith 2012). Calf rearing in dairy cattle herds has 
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Fig. 3 Frequency of coronavirus in diarrheic calves, distributed accord- 
ing to week of age, in one Brazilian dairy cattle herd. A total of 67 calves 
were sampled between June and August 2008 
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Table 4 Detection of enteropathogens and their combination in diarrheic 
and non-diarrheic fecal samples collected from dairy calves in one Bra- 
zilian cattle herd 


Number of diarrheic 
positive samples 


Number of 
positive samples 


Enteropathogens detected 


Rotavirus+ coronavirus 3 2 
Rotavirus +Stx2 2 l 
Rotavirus +Stxl/eae 4 2 
Rotavirus +Stx1/Stx2/eae l l 
Stxl/eae+coronavirus 6 2 
Stx2+coronavirus J 3 
eae+coronavirus il 0 
K99/STa+coronavirus 2 1 
Total 26 12 


high costs with feeding and high mortality rates. These results 
demonstrate the importance of diarrhea in calves within the 
first 2 weeks of age and that improved management practices 
during this time are necessary to reduce calf scours and its 
consequences. 

In Brazil, there is no longitudinal study for Salmonella 
infection in calves, and there are only few studies worldwide 
(Huston et al. 2002; Warnick et al. 2003; Fossler et al. 2004; 
Cummings et al. 2009a, b). Cummings et al. (2009a) found 
that 17 % (16/93) of positive herds were responsible for over 
70 % of clinical cases of Salmonella which means most farms 
do not experience any clinical illness due to Salmonella in- 
fection and a subset of the positive properties had a very high 
incidence of salmonellosis. These same results were observed 
in this work and also by Huston et al. (2002). 

Calves are infected primarily with Salmonella serotypes 
Dublin and Typhimurium, but different serotypes can also 
infect calves and clinical manifestation differences are ob- 
served between different serotypes (Barrow et al. 2010). 
Therefore, it is necessary to identify which serotypes are 
associated with disease in cattle to know the risks not only 
for cattle but also for human, since certain serotypes are 
potential zoonotic (Cummings et al. 2009a). Serotypes Agona, 
Enteritidis, and S. enterica subsp. Enterica were isolated from 
fecal samples in the present study and in other studies 
(Ambrosin et al. 2002; Younis et al. 2009; Cummings et al. 
2009a, b). In our study, the low number of animals infected 
and the serotypes detected, added the fact that no other enteric 
pathogen investigated was identified in animals infected with 
Salmonella spp., may explain why salmonellosis was not 
associated with diarrhea. 

There are a few reports in Brazil on the occurrence of 
E. coli pathotypes isolated from calves (Ambrosin et al. 
2002; Langoni et al. 2004; Aidar-Ugrinovich et al. 2007; 
Andrade et al. 2012) and no longitudinal study. In other 
countries, this type of studies investigated only STEC or 
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STEC O157:H7 (Tokhi et al. 1993; China et al. 1998; 
Cobbold and Desmarchelier 2000; Döpfer et al. 2012). 

Only seven out of 1983 E. coli were ETEC. This is in 
agreement with other surveys in Brazil that indicate a low 
frequency of this pathotype, which is affected by geographic, 
management, seasonal, and diagnostic factors (Mendonça 
et al. 1996; Langoni et al. 2004). ETEC was isolated from 
feces of diarrheic calves up to 16 days old, with the exception 
of one calf, which was positive for ETEC at 13 days of age 
and again at 30 days of age. Although ETEC affects mainly 
animals less than 4 days old, some studies reported the occur- 
rence of this pathotype in older calves (de la Fuente et al. 
1999; Bartels et al. 2010; Andrade et al. 2012). ETEC may 
occur in older calves if concurrent infection with other 
enteropathogens is present, and this is true for the calf 30 days 
old, which had feces positive for ETEC and coronavirus. 

EPEC (eae"), STEC (Stx+), and EHEC (Stx/eae™) were 
detected in diarrheic and non-diarrheic feces, like other reports 
(Blanco et al. 1997; China et al. 1998). Tokhi et al. (1993) 
found no association between STEC and diarrhea. All three 
groups EHEC, EPEC, and STEC cause diarrhea in calves 
(Blanchard 2012), and although there was no association with 
diarrhea, these pathotypes were detected as sole agents in 
feces of diarrheic calves and might be important 
enteropathogens. There was statistical association between 
diarrheic animals carrying E. coli Stx1/eae’ (EHEC) in their 
feces with two and four weeks of age and E. coli Stx2" (STEC) 
with five weeks of age. EHEC and STEC strains are asso- 
ciated with diarrhea in 1- to 8-week-old calves (DebRoy and 
Maddox 2001). Orden et al. (1998) found that the risk of 
infection with STEC increased with age. Our findings indicate 
STEC and EHEC, unlike ETEC, cause diarrhea mainly in 
calves older than 2 weeks. 

We detected GARV in feces of calves with a mean age of 
18.6 days. Similar results were found by Lucchelli et al. 
(1992) and Garcia et al. (2000). However McNulty and 
Logan (1983) found a mean age of 6.1 days. However, all 
these studies collected feces from calves with less than 30 days 
old, unlike the present study, therefore, resulting in a higher 
mean age. These findings suggest calves are exposed to in- 
fection soon after birth and infection also occurring in older 
calves. 

A significant difference in the frequency of rotavirus in 
diarrheic calves was found among those in the second and 
third weeks of age. Same results were found by Alfieri et al. 
(2006) and Mayameei et al. (2010). Bartels et al. (2010) 
detected the highest prevalence of GARV infection in animals 
within the second week of age; however, virus infection was 
associated with diarrhea in animals within the first week. Fecal 
shedding of rotavirus in diarrheic and asymptomatic calves 
has been reported in other studies, and as in this study, the 
presence of the virus in the feces was associated with diarrhea 
(Pérez et al. 1998; Alfieri et al. 2006; Bartels et al. 2010). 
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Passive immunity may reduce the frequency of diarrhea 
caused by rotavirus in calves aged 1 week, and as calves get 
infected throughout calf rearing, the increased natural resis- 
tance reduces infection in calves older than 4 weeks (Alfieri 
et al. 2006). Moreover, newborn calves have slow replace- 
ment of enterocytes, and those animals are more susceptible to 
diarrhea. There is competition between viral replication and 
enterocyte replacement, and highly virulent virus could cause 
diarrhea in older calves (Dodet et al. 1997). These results 
reinforce rotavirus as an important agent of diarrhea in calves 
and the importance of management and prophylactic pro- 
grams to reduce rotavirus infection in calves within this age 
group. 

In experimental studies, the duration of rotavirus excretion 
lasted for 4—10 days (Saif et al. 1983; Hall et al. 1993). In our 
study, naturally infected calves, GARV was excreted for 1— 
3 days, and similar results to ours were found by Reynolds 
et al. (1985) that noted virus excretion lasted for 3.6 days (2— 
5 days). According to Torres-Medina et al. (1985), virus 
particles are present in the luminal contents 30 h after infec- 
tion, decrease rapidly after the onset of diarrhea, and persist at 
lower levels over the next 5 days. These results demonstrate 
that in naturally infected calves, rotavirus shedding occurs for 
up to 3—5 days and serve as important reservoir for susceptible 
calves, especially young ones. 

BCoV is widespread among Brazilian cattle herds (Stipp 
et al. 2009). In our study, BCoV was first detected in feces of 
calves at mean age of 13.8 days (range 1 to 64), but the mean 
age of the infected diarrheic animals (13.8 days) was lower 
than that of the non-diarrheic animals (30.7 days). Stipp et al. 
(2009) detected BCoV in calves from 1 to 60 days old, and the 
cases were concentrated in calves 16 to 30 days old. Torres- 
Medina et al. (1985) showed BCoV occurs mainly in animals 
less than 1 month old and generally affects calves at 7 to 
10 days of age. BCoV can infect animals up to 60 days old, 
and those within the second and third weeks of age develop 
diarrhea, due to the decrease of colostral antibodies present in 
the first week of age and the natural resistance acquired after 
infections, rendering the calf susceptible to the infection with 
this virus during this age (Stipp et al. 2009). It should be 
noticed that in our study, BCoV was detected in calves older 
than 30 days and with no diarrhea, probably because of 
acquired immunity, which might explain no association with 
diarrhea. 

Positive calves shed BCoV in feces once or intermittently. 
Heckert et al. (1990) demonstrated that calves shed the virus 
in feces more than once. In orally inoculated animals, BCoV 
was detected in feces for one to three consecutive days and 
intermittently (Kapil et al. 1990; Cho et al. 2001). These 
findings suggest that infected calves shed the virus at various 
points throughout their life and can be a source of infection for 
young calves. Since both rotavirus and coronavirus are ex- 
creted more than once and young calves are more susceptible, 


it is important to consider this information when purchasing 
animals and managing calves of different ages. 

Our study did not evaluate respiratory infections; therefore, 
it is not possible to assert if the BCoV detected in feces 
originated from respiratory or enteric infections. BCoV can 
infect both the respiratory and the enteric tracts, and reinfec- 
tion can occur in calves. Calves inoculated with BCoV orally 
or intranasally shed the virus in the respiratory and enteric 
tracts and are protected from winter dysentery, diarrheic, and 
respiratory BCoV strains, demonstrating that respiratory 
BCoV plays an important role in the epidemiology and trans- 
mission of diarrhea caused by BCoV (Saif et al. 1986; Heckert 
et al. 1990; Cho et al. 2001). 

Mixed infections with both viruses or one of the viruses 
and diarrheagenic E. coli were detected, in agreement with 
results of other surveys (de La Fuente et al. 1999; Garcia et al. 
2000; Ok et al. 2009). Barry et al. (2009) also detected both 
GARV and BCoV viruses and suggested that mixed infection 
could lead to a more severe outcome of the infection, resulting 
in a longer time to recover the intestinal villous. It is important 
to notice that half of the mixed infections detected in diarrheic 
fecal samples were collected from calves older than 4 weeks, 
which could be responsible for the disease. 

Neonatal diarrhea has a complex etiopathogenesis, and 
various agents may be associated with field outbreaks; there- 
fore, multiple infections must be considered when studying 
the etiology of diarrhea. Passive immunity reduces the fre- 
quency of diarrhea in calves within the first week of age, and 
the increased natural resistance, as calves get infected 
throughout calf rearing, helps to reduce diarrhea in older 
calves. The results of this study show that diarrhea is an 
important disease of young cattle with high frequency in 
calves in the first and second weeks of age and 
enteropathogens are detected in calves with diarrhea mainly 
within the first 3 weeks of age which could explain the high 
frequency of clinical signs during this age. Although 
Salmonella may be present in the herd, the outcome of diar- 
rhea is affected by other factors, and Escherichia coli 
pathotypes should be considered when investigating the cause 
of diarrhea. Rotavirus and coronavirus are common viruses 
among diarrheic calves under 1 month of age, and calves are 
exposed to infection right after birth. Infected animals may 
shed the virus more than once, becoming a source of infection 
for susceptible young calves. Producers and veterinarians 
should focus on implementing preventive programs to reduce 
calf diarrhea, such as biosecurity, immunity, good nutrition, 
and animal welfare. 
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